Background: We deciphered thermoregulatory activities of exotic breeds of rabbit in the event of least thermal discomfort in Ibadan, Nigeria. This investigation was carried out between July and August during the least temperature-humidity index (THI). Twenty bucks and 14 doe per breed, housed individually and randomly assigned to experimental units in a completely randomized design, were used for assessment of respiratory rate (RR), heart rate (HR), rectal temperature (RT) and ear temperature (ET). Measurements were taken between 07.00 to 09.00 h and 16.00 to 18.00 h of the day, using standard procedures. Result: The result obtained showed that the effect of sex was evident in respiratory and heart rates, with males having higher values in the evening. But the core body temperature was not affected. Although the higher function of thermoregulatory apparatus of Fauve de Bourgogne, Chinchilla and British Spot rabbits were recorded, New Zealand White had lower core body temperature than other breeds.
Background
Heat stress is one of the most critical stressors especially in hot regions of the world. Factors such as species of animal, the physiological status of the animals, the relative humidity, velocity of ambient air and the degree of solar radiation determines animals' zones of thermal comfort. The comfort zone temperature for rabbits is around 18 to 21°C (Marai, Ayyat, & Abd El-Monem, 2001 ). Means by which animal maintains its body temperature is widely referred to as thermoregulation.
At either higher or lower temperature, the animal has to expend energy to maintain its body temperature. The heat load in rabbit increases by exposure to a high environmental temperature, and animals try to sustain homeothermy by using internal physiological means to help re-establish thermal balance. Rabbits use general body position, breathing rate and peripheral temperature (especially ear temperature), as three means to increase heat loss. An animal must dissipate the excessive amount of metabolic heat produced into the surrounding environment to control body temperature. This heat regulation can be achieved through different ways of heat losses such as physical, i.e. conduction, convection and radiation and/or evaporation (Collier, Dahl, & VanBaale, 2006) . The rate of exchange depends on the ability of the environment to accept heat and vapour and also on the animal production status (Maya-Soriano, 2012) . When animals are exposed to changes in their environment that prevent them from expressing full genetic potential, consequently, such stressor is often blamed for suboptimal productive efficiency (Dobson, Tebble, Smith, & Ward, 2001 ). Fuquay (1981) and Morrison (1983) reported that environments of high temperatures and humidity were detrimental to the productivity and reproductive process of commercial animals. Adaptation to heat stress requires the physiological integration of many organs and systems viz. endocrine, cardiorespiratory and immune system (Altan, Pabuccuoglu, Alton, Konyalioglu, & Bayraktar, 2003) . Due to few functional sweat glands in rabbits, thermoregulation in rabbits is rather poor (Naqvi, Gulyani, & Singh, 1995) . A significant part of Nigeria is characterised as humid tropic and usually subjected to extended periods of high ambient temperature and humidity. The primary non-evaporative means of cooling conduction, convection and radiation becomes less efficient with rising ambient temperature, and under such conditions, animal becomes increasingly reliant upon evaporative cooling in the form of sweating and panting to alleviate heat stress (Kimothi & Ghosh, 2005; Naqvi et al., 1995) . Analysis of domestic animal resource is very crucial for management decision making on conservation and for fitness-adaptability trait improvement (Ilori, Isidahomen, & Akano, 2012) . There is increase possibility of genetic selection for heat-tolerant animals due to genetic variation among animals for cooling capability. This is corroborated by Hansen (2009) that existence of allelic variation in genes controlling body temperature regulation and cellular resistance to heat shock means that genetic adaptation to increasing global temperature will be possible for many species. Paucity of information exists on thermoregulatory apparatus of rabbits under climatic conditions of West Africa. Assessment of thermoregulatory activities of exotic breeds of rabbit in Ibadan will provide basis for their adaptability and tolerance to the prevailing environmental situation in humid tropical region. Thus, this study aimed to assess the thermoregulatory activities of exotic breeds of rabbit during peak of thermal comfort obtained in Ibadan, Nigeria.
Methods

Experimental site
The research was carried out at the rabbit unit of the Teaching and Research Farm of University of Ibadan, Ibadan, Nigeria. It is situated in rainforest agro-ecological zone, Southwest of Nigeria, between lat. 7°27′ 18.74″ N and 7°27′ 19.17″ N and long. 3°53′ 13.98″ E and 3°53′ 32.69″ E.
Experimental animals, design and management
This experiment lasted for 8 weeks, carried out within July and August, when least temperature-humidity index (THI) is observed at the experimental site as reported by Jimoh (2016) . Four exotic breeds of rabbit consisting of Fauve de Bourgogne, Chinchilla, British Spot and New Zealand White were used for the investigation. It composed of 20 bucks and 14 does per breed, housed individually. Animals were confirmed to be without abnormalities, conform to the breed categorisation and of good health status.
Animals were housed individually and allotted randomly into experimental units in an entirely randomized design. The animals were fed 5% of their body weight, with diets containing crude protein 17.05%, digestible energy 2592.06 Kcal/kg, crude fibre 10.02%, calcium 0.45% and phosphorus 0.21%. We provided freshwater to the animals during the study period. Other routines and periodic management practices necessary for rabbit production were carried out.
Meteorological data of the rabbitry microclimate
Daily temperature and relative humidity of the rabbitry microclimate was recorded at 07.00 h every morning and 16.00 h evening during the study period using a thermo-hygrometer. The ambient temperature and relative humidity were used to compute the temperaturehumidity index.
Thermoregulatory assessment
Thermoregulatory indices of rabbit measured include respiratory rate (RR), heart rate (HR), rectal temperature (RT) and ear temperature (ET). Measurements were taken between 07.00 to 09.00 h and 16.00 to 18.00 h of the day. We measured rectal and ear temperature with a digital thermometer. The ear temperature was measured by placing the digital thermometer in direct contact with the central area of the auricle. The RR was measured by visually counting the flank movement for 1 min. The HR was measured using a stethoscope. The temperaturehumidity index (THI), an indicator of thermal comfort level for animals in an enclosure, was calculated as modified by Marai et al. (2001) .
Statistical analysis
Data obtained in this study were subjected to descriptive statistics and analysis of variance. General linear procedure of statistical analysis software was employed to detect significant effects with a confidence level of 95%, and means were separated with new Duncan's multiple range test.
Results
The temperature-humidity index of the rabbit pen during the least temperature-humidity index of Ibadan is presented in Fig. 1 . The month of July had higher THI than August. In the morning, the THI of July and August were 24.82 and 24.05°C, respectively, and in the afternoon, THI were 30.50 and 26 05°C, respectively. The average monthly THI for July and August were 27.66 and 25.05, respectively. The range of THI values obtained for July and August in the University of Ibadan between 2009 and 2014 was 23.61-25.30°C and 23.42-25.43°C, respectively as reported by Jimoh (2016) . The average monthly THI for July and August in the rabbitry microclimate were higher than the THI values obtained in the University of Ibadan from 2009 to 2014 except 2013 (Jimoh, 2016) . The difference could be due to the contributions of rabbit inhabitation in the pen to increase the ambient temperature and humidity and its efficient dissipation in the enclosure (rabbitry), compared to the meteorological station.
Comparison of thermoregulatory function of male and female exotic rabbits during the least temperaturehumidity index is shown in Table 1 . In the morning, respiratory rate and ear temperature of both sexes were statistically similar, while the heart rate and rectal temperature of males were significantly (p < 0.05) higher than those of females. In the evening, the respiratory rate and heart rate of males were significantly (p < 0.05) higher than those of females while both sexes had statistically similar ear and rectal temperatures.
The thermoregulatory function of four exotic breeds of rabbit during the least THI is presented in Table 2 . In the morning, the respiratory rate of Fauve de Bourgogne, Chinchilla and British Spot rabbits were similar (p > 0.05), but statistically (p < 0.05) higher than that of New Zealand White. The heart rate of Fauve de Bourgogne, British Spot and New Zealand White were significantly (p < 0.05) higher than that of Chinchilla rabbits.
The four breeds had statistically similar ear temperature, but the rectal temperature of the rabbits was influenced by breed.
Fauve de Bourgogne and Chinchilla rabbits had higher rectal temperature than British Spot and New Zealand White. In the evening, the respiratory rate and ear temperature across the breed followed similar trends as observed in the morning. The four breeds had statistically identical ear temperature, but the rectal temperature of the rabbits was influenced by breed. Fauve de Bourgogne and Chinchilla rabbits had higher rectal temperature than British Spot and New Zealand White. In the evening, the respiratory rate and ear temperature across the breed followed similar trends as observed in the morning. The heart rate of Chinchilla rabbits was not significantly (p > 0.05) different from other breeds. British Spot and New Zealand White rabbits have similar heart rates but significantly (p < 0.05) higher than that of Fauve de Bourgogne rabbits. The rectal temperature of Fauve de Bourgogne, Chinchilla and British Spot rabbits were similar but had significantly (p < 0.05) higher values than that of New Zealand White.
The average daily respiratory and heart rates of four exotic breeds of rabbit at least THI in Ibadan are shown in Fig. 2 . The respiratory rates of Fauve de Bourgogne, Chinchilla, British Spot and New Zealand White rabbits were 225.4 ± 1.64, 225.53 ± 1.50, 223.33 ± 2.00 and 212.69 ± 1.63 beats per minute, respectively, while the observed heart rates for Fauve de Bourgogne, Chinchilla, British Spot and New Zealand White rabbits were 175.53 ± 8.23, 145.00 ± 3.49, 168.84 ± 4.52 and 163.16 ± 3.92 heart beat per minutes, respectively at the least THI.
The daily ear and rectal temperature of the four exotic breeds of rabbit at the least THI is presented in Fig. 3 . The rectal temperatures recorded at the least THI were 37.83°C (Fauve de Bourgogne), 37.81°C (Chinchilla), 37.68°C (British Spot) and 37.4°C (New Zealand White), while ear temperatures of 34.21°C (Fauve de Bourgogne), 34.13°C (Chinchilla), 36.01°C (British Spot) and 34.95°C (New Zealand White) observed at least THI. New Zealand white had lower statistical respiratory rates than other breeds which had similar values; Chinchilla had least significant heart rates among all the breeds.
Discussion
Temperature-humidity index (THI) is an indicator of thermal comfort level for animals in enclosure. The THI values of 27.66 and 25.05 obtained in July and August respectively indicated that rabbits were not exposed to heat stress (less than 27.80) during July and August in the study period. This suggests that the month of August was the most comfortable period during the year for rabbit as it has been reported that exposure to heat stress brings about response by animals to maintain homeostasis.
Akinsola (2012) reported temperature-humidity index THI in rabbitry averaged 27.3°C absence of heat stress in cool period of the year in Northern Nigeria. This suggests that Northern Nigeria have higher THI than Southern Nigeria during the cooler periods. This could be attributed to study area's temperature distribution; Ibadan is within moderately hot area (24-27°C mean annual temperature), while Zaria is within hottest area (over 27°C mean annual temperature). In the study conducted by Marai, Habeeb, and Gad (2005) , a THI value of 17.3°C for mild period was reported in the subtropical climate of Egypt. The result obtained in this study showed that THI increased from 24.82 to 30.50 in July and from 24.05 to 26.05 in August from morning to evening, which is in agreement with Adenkola, Ayo, and Sackey (2009) who reported low THI in the morning and higher value in the afternoon.
Rabbits use general body position, breathing rate and peripheral temperature, especially ear, as the devices to control heat loss. However, respiration and ear are the most important dissipation pathways. Marai and Habeeb (1994) indicated that between 0 and 30°C, latent heat evacuation is only controlled by altering the breathing rate. The effect of sex was observed in respiratory and heart rates, with males having higher values in the evening. But the core body temperature was not affected. It could be suggested that the animals' response was due to the absence of heat stress. It has been reported that sexual differences in thermoregulatory activities could be observed more sensitively under hyperthermia (Massaro, Owen, & Massaro, 2006) .
New Zealand White have a lower core body temperature; this suggests an inherent genetic ability of the breed to regulate body temperature without a compensatory increase in thermoregulatory activities. This could be due to their white coat colour which absorbs less heat and reflects more compared to other coat colour. Fauve de Bourgogne and Chinchilla had similar respiratory rate throughout the day. Although the higher function of thermoregulatory Askar and Ismail (2012) that recorded 112 bpm but lower rectal temperature of 38.5°C at THI of 20.8 for comfort conditions for rabbits in Egypt. This disparity could be due to differences in THI values, which required higher thermoregulatory activities in exotic breeds of rabbit in Ibadan to effectively lower body temperature, thus confer better thermoregulatory activities on the exotic breeds. The range of values for heart rate obtained in this study is within the lower limit of values reported for stress rabbits 180 to 300 bpm, and respiratory rates and rectal temperature are within the range indicated for stressed rabbits of 40 to 300 bpm and 38 to 40°C (Willmer, Stone, & Johnston, 2000) . Though the range of heart and respiratory rates obtained in this study is higher than reports in Egypt, it could be due to differences in breed and also acclimation of the Egyptian animals to their environment.
Conclusions
This study reveals that the month of August was the most thermal comfortable period during the year for rabbit in South Western, Nigeria. New Zealand White have a lower core body temperature, due to their white coat colour which absorbs less heat and reflects more compared to other coat colour. This is an inherent genetic ability of the breed to regulate body temperature without a compensatory increase in thermoregulatory activities. Although the higher function of thermoregulatory apparatus of Fauve de Bourgogne, Chinchilla and British Spot rabbits were recorded, New Zealand White had lower core body temperature than other breeds. New Zealand white has the highest thermal comfort ability in the study area and could have better resistance to heat stress among the breeds. 
